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A machine-readable online database for rate coefficients in 
radical polymerization   

Joren Van Herck,
a
 Simon Harrisson,

b
 Robin A. Hutchinson,

 c
 Gregory T. Russell,

d
 Tanja Junkers

 a,* 

An online database created and curated by an IUPAC subcommittee is introduced. It is designed to act as central access 

point for finding reliable kinetic data on radical polymerizations. The database can be accessed via a webinterface or via 

Python code available for download, and at the moment consists mostly of propagation rate coefficient data. Expansion to 

other coefficients, and eventually also other types of polymerization, is anticipated in time. Monomers can be searched by 

name, CAS number, SMILES notation or their InChI and InChiKey descriptors. The database returns values for Arrhenius 

parameters for the chosen reaction, key information for measurement conditions, and information as to whether the 

respective value has been subject to benchmarking by IUPAC. The aim of the database is to simplify the search for 

coefficients, and to unify modelling approaches in the community. Further, since the database is designed to be fully 

machine-readable, it allows for direct integration into software code, which enables advanced machine-learning and other 

computer-based research. 

Introduction 

The importance of precise knowledge of rate coefficients in 

radical polymerization has long been understood. Without 

detailed knowledge of the kinetics and mechanism of each 

step in the polymerization, reversible-deactivation radical 

polymerization could not have matured to the standard that 

synthetic polymer chemists are accustomed to today, and the 

ability to model and predict polymerizations would be severely 

limited. Consequently, the IUPAC Polymer Division features a 

Subcommittee on Modelling of Polymerization Kinetics and 

Processes that deals with elucidating kinetics and mechanisms 

of polymerization reactions, with a particular emphasis on 

radical polymerization. One of the most impactful outcomes of 

this Subcommittee to date has been a series of publications 

benchmarking kinetic rate coefficients to provide a solid and 

common basis for the research community.
1,2,3,4,5,6,7,8

 Most 

activities were focused in the past on propagation rate 

coefficients, kp, for radical polymerization, based on the PLP-

SEC technique (pulsed laser polymerization – size exclusion 

chromatography).
9
 Other coefficients for initiation (including 

efficiency), termination or transfer reactions have also been 

studied, but their summary and benchmarking are more 

difficult compared to the propagation rate coefficients, where 

PLP-SEC opened a precise and very reproducible measurement 

method.
1
  

 

Yet, despite a broad range of coefficients being available, 

many researchers still use coefficients stemming from PLP-SEC 

sub-datasets or – even worse – from methods nowadays 

deemed unreliable. Especially in the field of modelling, some 

groups use sets of coefficients that are close but not identical 

to the benchmark values. This creates modelling “bubbles” in 

which each group uses their own set of data. In consequence, 

this means that newly determined coefficients increasingly are 

model dependent (and hence dependent on the specific set of 

underlying input parameters). A more unified approach is 

certainly desirable. The benchmarked kinetic data are 

summarized in a series of publications endorsed by the IUPAC 

subcommittee.
1-8

 However, not all researchers are necessarily 

aware of these papers, or may falsely assume that they should 

not rely on a series of publications that spans decades. 

Convenience of access would also promote more widespread 

use of the benchmarked data. Finding accurate and up-to-date 

data is not simple, and especially for researchers not in the 

field it easily becomes confusing. For all these reasons a 

central access point for the available data would thus be very 

useful. 
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At the same time, recent years have seen a dramatic increase 

in the use of artificial intelligence and machine learning 

algorithms in chemical sciences. Next to prediction of 

materials properties, chemometrics or their use in quantum 

chemistry calculations, their use in reaction optimizations has 

become more widespread.
10

 Machine learning algorithms 

depend on accessible data for their learning. Scientific 

publications are too complex for automatic data read-out, and 

a central database would be much more favourable for 

allowing such algorithms to connect with the knowledge that 

we possess of certain reactions. 

 

Thus, we have set up within the framework of the IUPAC 

Subcommittee an online database that serves two purposes:  

 

 Creation of a central storage point for kinetic rate 

coefficients, with special emphasis on benchmarked 

data 

 Creation of the database in a machine-readable 

format 

 
 

Database structure 

 
In the longer term this database is intended to become a part 

of larger IUPAC online databases,
11

 but for the moment it is 

implemented as a stand-alone database. On the back-end, an 

SQL database is employed. The above two criteria are met by 

accessing the database via one central point. For human users, 

this is the webpage via http://sql.polymatter.net/. Machine-

codes can fetch the same data via the same page. The human 

interface of the database is programmed to be mostly self-

explanatory and the type of information that can be accessed 

is exemplified in Figure 1. 

 

To allow for automatic access via machine code, first the 

question of how to identify a monomer in an unambiguous 

and reliable way needs to be addressed. Polymer chemists and 

chemical engineers are used to certain nomenclature and 

abbreviations for monomers, even if these are often neither 

fully consistent nor absolutely unique. For pragmatic reasons 

the database nevertheless allows for request of information 

via common names and abbreviations. Classical IUPAC naming 

might also be allowed, but such names can fall short as they 

are not always straightforward to derive or they may differ 

significantly from commonly used names. A work-around is the 

use of CAS numbers, however this excludes monomers that 

are not yet classified. A simpler way is the so-called Simplified 

Molecular-Input Line-Entry System (SMILES),
12

 which directly 

translates a structure into a character string. This method is 

computer-friendly, and at the same time allows for direct 

interpretation of the code and translation into a structure. 

However, SMILES codes are dependent on the choice of atom 

in a structure selected to start the notation from. To overcome 

this, IUPAC has already in 2006 introduced the International 

Chemical Identifier (InChI) notation.
13

 Similar to IUPAC names, 

InChI codes are directly related to the chemical structure of a 

molecule. They are unique identifiers, and compared to CAS 

numbers they are not proprietary, and require no institution to 

assign codes to new structures, since they are derived strictly 

from chemical information. InChI codes can be quite long, yet 

with practice they can still be read by humans. A reduced form 

of the InChI is the so-called InChIKey, which represents a 

hashed form of the InChI that saves characters in the code and 

hence makes it easier to handle in searches online. InChIKeys 

are not straight forward to interpret yet are also practically 

unique for any given structure. Modern drawing software is 

typically able to interpret SMILES, InChI and InChIKey 

information, and can transform those directly into a chemical 

structure (and vice versa). Consequently, the database allows 

searching for any of the above information, while use of the 

InChIKey is recommended over all other formats for its 

relatively simple yet unique identifier. An example for the 

monomer methyl methacrylate is given in Table 1. 

 

Table 1: Different identifiers for monomers on the example of 

methyl methacrylate 

Trivial name Methyl methacrylate 

Abbreviation MMA 

CAS 80-62-6 

 

Figure 1: Information available from the human interface of the database for propagation rate coefficients. Access is via 

http://sql.polymatter.net/.  

http://sql.polymatter.net/
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SMILES C=C(C)C(=O)OC 

InChI InChI=1S/C5H8O2/c1-

4(2)5(6)7-3/h1H2,2-3H3 

InChiKey VVQNEPGJFQJSBK-
UHFFFAOYSA-N 

 

Different identifiers can be selected via the web interface. 

Once a monomer is selected, different information can be 

accessed. For now, the database focuses on propagation rate 

coefficients, and hence the frontend dropdown menu only has 

one option, i.e. kp. Once additional data is included, the option 

will be extended to specify what kinetic parameter is available 

upon request for a monomer. Figure 2 gives an overview of the 

current database structure. For each monomer, subsections 

are defined; the example here shows propagation (kp) and 

termination (kt) rate coefficients. Data that is stored for the 

propagation rate coefficient are: 

 

 Arrhenius parameters 

 Error limits for Arrhenius parameters (currently not 

used) 

 Temperature range in which data was measured 

 Whether the given data is benchmarked by IUPAC 

 Whether the data was obtained in bulk or solution 

 solution concentration if data is not given for bulk 

conditions 

 A link to the publication whence the data was 

retrieved 

 

The webpage allows to specify a temperature and to display a 

rate coefficient which is calculated directly from the Arrhenius 

parameters for that specific condition. Individual coefficients 

for certain temperatures are not stored in the database. As 

this implies, the primary information in the database is 

Arrhenius parameters, not individual values of rate 

coefficients. While the database contains fields for error 

margins for these, no values are entered since a careful error 

analysis via joint confidence intervals is not easily expressed. A 

closer examination of errors will be subject of a forthcoming 

study. For the time being, a standard error of 10% is displayed 

on the web interface for IUPAC-benchmarked kp, and 20% for 

non-benchmarked data. For more detailed discussions the 

reader and user of the database is referred to the individual 

publications. 

 

We believe that this database will make the available kinetic 

data much more accessible to the research community. 

Further, we hope that modelling software, be it Monte-Carlo 

codes used by certain research groups,
14

 or commercial 

software such as Predici,
15

 will automatically embed functions 

to access the database. Thus, instead of feeding coefficients 

and Arrhenius parameters for certain reactions into models, 

simply the InChIKey could be provided, and the modelling 

software would then automatically populate the coefficients 

that are known for the specific system. This will simplify 

modelling, and moreover unify it between different groups, 

hopefully leading to more consistent results and use of the 

latest recommended kinetic coefficients. 

 

Data curation 

 

With a database as described above, it is important that it be 

constantly updated, and in doing so to select data strictly on 

criteria such as reliability and reproducibility.  As noted above, 

priority is given in the database to IUPAC-benchmarked kinetic 

coefficients, since these can be considered most accurate. 

However, to date this comprises only a limited number of 

monomers, and primarily propagation rate coefficients. Thus, 

to extend the use of the database, it is also of interest to enter 

non-benchmarked kinetic data. This creates in turn the 

question as to which data is deemed reliable. Benchmarking of 

kinetic data is a thorough process that requires stringent data 

treatment and confirmation of data by various research 

groups. However, in the vast majority of cases PLP-SEC delivers 

fairly reliable results, and the underlying problems are known 

A large number of PLP-SEC data-sets exist in the literature that 

are not yet benchmarked, usually because a second 

independent confirmation is lacking. Some of this data could 

reasonably be added to the present databank. Therefore, the 

IUPAC Subcommittee has appointed a group of members who 

are responsible for the curation of the databank and to make 

reasonable choices as to which not-yet-benchmarked data can 

be included. Regardless of the choice, since the database 

Figure 2: Internal structure of the kinetic database 
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output contains direct information as to whether or not a 

certain coefficient is benchmarked, the user retains the ability 

to make changes if they believe they are in possession of a 

better data source. At the same time, data can be sent to the 

curators with a request for evaluation and inclusion into the 

database. In order to preserve the integrity of the data, only 

the curators have write access to the database. For the time 

being, a series of non-benchmarked kp data that is deemed 

reliable has been added to the database (see Table 2), with 

more data to follow in time. For the time being, the authors of 

this article made the initial selection of monomers to be 

added. 

Database development 

 

The database itself is not static, and will evolve over time. 

While the general structure is not expected to change 

significantly, it is hoped that more sections will be added, 

covering more radical polymerization rate coefficients and 

potentially reactions from other types of polymerization too. 

Changes to the database will be published on the 

http://sql.polymatter.net webpage, and made transparent. We 

will further aim for broad communication via a variety of 

channels to keep interested researchers updated. To identify 

which monomers are covered in the database at a given point 

in time, a request can be made automatically, returning the 

full list of monomers for which data is available. The present 

list is provided in Table 2 for this paper, including whether it is 

IUPAC-benchmarked or included at the discretion of the 

curators. 

 

Table 2: Monomers currently included in the database  

Trivial name A /  L∙mol
−1
∙s

−1
 EA /  kJ∙mol

−1
 benchm

arked 

styrene 4.27∙10
7
 32.15 yes

1
 

methyl 

methacrylate 2.67∙10
6
 22.36 yes

2
 

ethyl 

methacrylate 4.07∙10
6
 23.4 yes

3
 

butyl 

methacrylate 3.80∙10
6
 22.9 yes

3
 

dodecyl 

methacrylate 2.51∙10
6
 21 yes

3
 

cyclohexyl 

methacrylate 6.31∙10
6
 23 yes

4
 

glycidyl 

methacrylate 6.17∙10
6
 22.9 yes

4
 

benzyl 

methacrylate 6.76∙10
6
 22.9 yes

4
 

isobornyl 

methacrylate 6.17∙10
6
 23.1 yes

4
 

butyl acrylate 2.24∙10
7
 17.9 yes

5
 

methacrylic 

acid
# 

1.54∙10
6
 15 yes

6
 

methyl 

acrylate 1.41∙10
7
 17.3 yes

7
 

vinyl acetate 1.35∙10
7
 20.4 yes

8
 

tert-butyl 

acrylate 1.90∙10
7
 17.5 no

16
 

2-ethyl hexyl 

acrylate 9.10∙10
6
 15.8 no

17
 

stearyl 

acrylate 1.86∙10
7
 16.93 no

18
 

acrylonitrile 1.79∙10
6
 15.4 no

19
 

2-ethylhexyl 

methacrylate 1.87∙10
6
 20.4 no

20
 

tert-butyl 

methacrylate 2.4∙10
6
 22.1 no

21
 

stearyl 

methacrylate 3.45∙10
6
 21.49 no

22
 

# measured in 15% aqueous solution 

Python code 

 

On the webpage, a web scraping python tool is made available 

that can be used to automatically extract info from the 

database. The script relies on the ‘requests’ and ‘Beautiful 

Soup’ python packages,
23

 both popular and powerful libraries 

for web scraping applications. Web scraping rather than direct 

SQL database access was chosen to avoid issues with database 

access user rights management. First, the python code sends a 

HTTP GET request to fetch the content of the webpage. The 

content is parsed to a more machine-readable HTML format 

via the ‘Beautiful Soup’ package, and the desired data is 

extracted and returned in the appropriate data structure. 

Three functions are defined. The first function returns a list of 

all available monomers in the database based on the given 

identifier (see Table 1 for valid identifiers). As on the webpage, 

the second function returns the complete information table. 

The third function extracts the Arrhenius parameters from the 

database and calculates the kp value at a given temperature. 

Since the database is currently only populated with kp data, 

the described functions apply only to this coefficient. In the 

future, similar functions for other coefficients will be added 

that will request the page content of the respective database 

table. For a more detailed and technical explanation of the 

code, the reader is directed to the documentation that is 

provided on the webpage. We provide Python code as a 

starting point for interested researchers, but note that the 

same method can in principle be applied via any programming 

language. 

Conclusions 

A machine-readable, central kinetic database for rate 

coefficients in radical polymerization is presented. For the 

moment, the database focuses on propagation rate 

coefficients, but in future will hopefully also contain 

copolymerization reactivity ratios, as well as termination and 

transfer rate coefficients, and kinetic data for chain initiation. 

The database is accessible via a human web-interface, but also 

allows for direct requests from Python code or other software. 

This will allow direct implementation of the data into 

modelling software, or machine learning algorithms. The data 
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will be centrally collected and curated by the IUPAC 

Subcommittee on Modelling of Polymerization Kinetics and 

Processes. This will set a strong standard for the polymer 

chemistry community and relieve researchers of the tedious 

work of finding suitable coefficients in the literature.  
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